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Objective. To evaluate the safety and efficacy of a 
chimeric monoclonal antibody to tumor necrosis factor 
a (TNFa) in the treatment, of patients with rheumatoid 
arthritis (RA). 

Methods. Twenty patients with active RA were 
treated with 20 mg/kg ol anti-TNFo- in an open phase 
I/IJ trial lasting 8 weeks. 

Results. The treatment was well tolerated, with 
no serious adverse events. Significant . improvements 
were seen in the Ritchie Articular Index, which fell from 
a median of 28 at study entry to a median of 6 by week 
6 [P < 0.001), the swollen joint count, which fell from 18- 
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to 5 (P < 0. 001) over the same period, and in the other 
major clinical assessments. Serum C-reactive protein 
levels fell from a median of 39.5 mg/iiter at study entry 
to S mg/Iiter at week 6 (/' < 0.001), and significant 
decreases were also seen in serum amyloid A and 
interleukin-6 levels. 

Conclusion. Treatment with antf-TNF<* was safe 
and well tolerated and resulted in significant clinical and 
laboratory improvements. These preliminary results 
support the hypothesis that TNFa is an important 
regulator in RA, and suggest that it may be a useful new 
therapeutic target* in this disease. 

Despite optimal use of current antirheumatic 
therapy, the outcome for many patients with rheuma- 
toid arthritis (RA) consists of pain, disability and 
premature death (1-3). As a response (o the need for 
more effective and less toxic treatment, and io an 
increase in our understanding of the pathogenic mech- 
anisms in RA, several groups have used monoclonal 
antibodies as therapeutic agents in this disease (4-10), 
Such immunotherapy has been, in most cases tar- 
geted specifically .io the T cell, a strategy Wd on 
evidence that T ceils are involved in the initiation and 
maintenance of RA (1 1). 

Here, we outline an alternative immunothera- 
peutic strategy, which involves the use of monoclonal 
antibodies with specificity for a cytokine, tumor ne-' 
crosts factor a (TNFor). This approach. is based on a 
body of knowledge regarding the role of cytokines in 
general, and of TNFa in particular, in the inflamma- 
tory process in RA. The first clearly documented study 
demonstrated the presence of inlerleukin- 1 (IL-!) in 
RA synovial fluid (12). Subsequently, we and others 
have reported the presence and local synthesis in 
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Table 1. Demographic features of 20 patients with refractory rhcu 
matoid arthritis 



Pa- 
tient 



Disease 
Age/ duration Previous 
sex (years) DMARDs* 



2 
3 



6 
7 
8 



63/F 
59/M 

56/M 

28/F 

40/M 

54/F 

23/F 



7 
3 

10 
3 
3 
7 



SSZ, DP, CST, Prcd.5mg 
AUR. MTX, 
AZA, HCQ 

SSZ, GST, DP 



AUR, HCQ, 
GST, MTX, 

ssz 



Para. 1-2 gm 

Pred. 10 mg, Indo. 225 
mg 



0S J> DP < A ^A, Pred. 12.5 mg. [bu. 2 gm, 

ssz Para. 1-2 gm 

GST, SSZ. DP. Pred. 8 mg, Para. 1-2 
AZA 



SSZ. HCQ, 
AUR 



gm. Code. 16 mg 
Nap. 1 gm 



I I 



DP. GST, SSZ. 
AZA. MTX 

HCQ, GST. • 
SSZ, MTX. 
AZA 



51/F 15 



1 1 
12 
13 

14 
15 

16 

17 



47/F 

34VF 

57/F 

51/F 
72/M 

51/F 

62/F 

56/F 



12 



0 



7 
1 1 

17 

16 

i ! 



18 48/F 



Para. 1-2 gm, Code. 
J6-32mg 

Pred. 7.5 mg, Did. 
100 mg. Para. 1-2 gm, 
Dext. 100-200 mg 

CST, HCQ. DP. Pred. 7.5 mg, Did. 125 
M JX mg . Para. 1-3 gm 

SSZ,CVC. Ben. 4 em 
MTX 

DP. SSZ. MTX Pred. 10 mg. Para. 1 .5 

gm. Code, 30-90 mg 

GST. MTX. Asp. 1.2 gm 
DP, AUR 

SSZ. AZA Para. M gm 

GST. DP. AZA. Pred. 5 mg. Para. M 
MTX gm. Code. 16-64 mg 

HCQ. DP. SSZ. Asp. 0.3 gm 
MTX 

Para. M gm. Code. 
16—64 mg 

Pred. 7.5 mg, Eto. 600 
mg. Para. 1-2 gm, 
Dext. 100-200 mg 

Pred. 7.5 mg. fndo. 
100 mg. Para. 1-3 gm 



CST. DP. SSZ 
MTX. AZA 

SSZ, DP. GST. 
MTX, HCQ. 
AZA 



19 
20 



42/F 
47/M 



3 
20 



GST, MTX. 
DP. SSZ. 
AUR, AZA 

SSZ, MTX 



Fen, 450 mg, Ben. 6 gm, 
Code. 30 mg 

CST, DP, SSZ, Pred. 10 mg, Para. 1-3 
AZA gm . ... 



sWj^^p I * nU he T UC d ^ 8S (DMAR »s) SSZ = 

late AUR - » V?,™' ,,amine; GST " 8° ,d sodium lh «'°ma- 
^te AUR - auranofin; MTX = methotrexate; AZA = azathioprine- 

t D2i;dn y , Gr ° XyCh L 0r0quinC: CYC = c ^° P hosphamide. 

mS- Indo i ^ shown -.f >rc d; = prednisolone; Para. = paraceta- 

^hosoW^M ' ° melhaCm; IbUt = ibu Profen;.Code. -codeine 
SroDox^h; P n" naP u 0Syn; DiGl - = dic,ofe "^; Dext. = dextro- 

= ben0ryialC; AS ^ - ***** Eto. . etodolac; 



rheumatoid synovia! membrane of many cytokines, 
including IL-I (13), TNFa (13,1*1), iL-6 (15)! 
granulocyte-macrophage, colony-stimulating factor ■ 
(OM-CSF; 16), IL-8 (17), and transforming growth 
factor £ (TGF/J) (18,19). 

We have investigated the relationships between 
these cytokines in RA, using a synovial culture system 
in which dissociated rheumatoid synovial cells are 
allowed to spontaneously re-aggregate in vivo. Even in 
the absence of extrinsic stimulation, such cells express 
high levels of cytokines and HLA class II molecules 
(20). Using this system, we showed that production of 
bioactive IL-L was abrogated by neutralizing antibod- 
ies to TNFa, but not by antibodies to TNF/3 or by 
normal rabbit IgG (21). This occurred in rheumatoid, 
but not osteoarthritis cultures and suggested to us ^ 
that TNFa was of particular, importance as a regula- -.J* 
tory cytokine. Subsequent analysis reinforced this 
concept, with .the demonstration that another proin- 
flammatory cytokine, GM-CSF, was regulated in the 
synovial membrane by TNFa- (22) and (hat TNFa 
receptor expression, necessary for transmitting TNFa 
signals, was up-regulated in rheumatoid svnovium 
(23,24): , ' 

Two recent mouse studies provide further in- 
sight into the importance of TNFa in arthritis. Keffer 
et ai (25) described a mouse transgenic for the human 
TNFa gene, which expressed high levels of human 
TNFa in vivo and which reproducibiy developed 
arthritis beginning ai 4 weeks of age,. The disease in 
these animals could be prevented by administration of 
monoclonal antibodies to human TNFa. In separate 
experiments in our own laboratory, we showed that in 
the type II collagen arthritis model in. the DBA/ 1 
mouse, the hamster anti-murine TNF monoclonal anti- 
body TN3. 19.2 significantly ameliorated the inflamma- 
tion and tissue destruction when administered before 
or after the onset of disease (26). 

Based on these considerations,. it was of inter- 
est to determine the effect of therapy with a chimeric 
(human IgG I, murine Fv) monoclonal antibody to 
human TNFa in patients" with rheumatoid arthritis. We 
report here that anti-TNFa therapy was safe and well 
tolerated, and induced marked improvements in both 
clinical and laboratory disease measures. These find- 
ings are consistent with our postulate concerning the ' 
criticaL role of TNFa in the pathogenesis of RA 
(27,28), and suggest that TNFa may be a useful 
therapeutic target in this disease. 
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Table 3. Changes in laboratory measures following treatment of rheumatoid arthritis patients with cA2* 



week 
01 

• t 

inal 


rtgo, 
gm/hter 


x lOvhter 


Platelets, 
x lOVliter 


pen 

ESR, 
mm/hour 


CRP, 
mg/Jiler 


C A A 

bAA, 
mg/ml 


v DC * 

inverse titer 


JvlCE.ll 


117 OR— \Afi 

11/, 70~ 1 *K» 


7 0 1 0- 1 S *) 

t . s , J . 7— 1 J . L 


TlA AT 




*t i. , 7— J V / 


J N Ls 


Kin 


o 


113 97-144 


9 0 4 9-15 7 




55 15-94 


19 5 5-107 


245 18-1 900 


*) 560 160-10 240 


r 


114, 96-145 


8.5, 3.6-13.6 


351, 223-589 


26, 13-100 


5, 0-50 


58. 0-330 


ND 




O0.05) 


(>0.05) 


(>0.05) 


(>0.05) 


(<0.00tt) 


(<0.001; <0.003tl 




2 


112, 95-144 


8.2, 4.3-12.7 


296, 158-535 


27, 10-90. 


5.5, 0-80 


80. 11-900 


ND' 




(>0.05) • 


. i>0.05) 


K0.04; >0.05t) 


(<0.02; >0.05t) 


(<0.001; <0.003t) 


«0.02; <0.04t) 




3 


110, 89-151 


9.0, 3.7-14.4- 


289, 190-546 


27. 12-86 


7. 0-78 


ND 


ND 




(>0.05J 


(>0.05) 


(<0.03; >0.05t) 


(<0.04; >0,05t) 


(<0.00l; <0.002t) 






4 


112, 91-148 


8.2, 4.7-13.9 


314, 186-565 


23, 10-57 


10, 0-91 


ND 


ND 




(>0.05) 


(>0.05) 


(>0.05) 


(<0.04; >0.05t) 


(<0.004; <0.02T) 






6 


116, 91-159 


9.1, 2.9-13.9 


339, 207-589 


23, 12-78 


8, 0-59 


ND 


ND 




00.05) 


(>0.05) 


(>0.05) 


(<0.03; >0.05t) 


(<0.00lt) 






8 


114, 94-153 


7.6, 4.2-13.5 


339, 210-591 


30, 7-73 


6, 0-65 


ND 


480, 40-5,120 ' 




(>0.05) 


(>0.05) 


(>0.05) 


O0.05) 


• (<0.001t) 




(>0.05) 



* Values are the median, range (P) for 20 patients for the initial screen and weeks 0-2, and for 19 patients thereafter. Patient 15 dropped but 
after week 2 of siudy. For rheumatoid factor (RF), only those patients with week 0 tilers ei: 160 in the panicle agglutination assay were included 
(n = 14). All P values versus week 0, by Mann- Whitney test. Normal ranges: hemoglobin (Hgb) 120-160 gm/liier in females and 135-175 gm/liter 
in males: white blood cell (WBC) count 4-1 J * 10 9 /Iiter; platelet count 150-400 x I0 9 /Iiter; erythrocyte sedimentation rale (ESR) < 15 mm/hour 
in females and <I0 mm/hour in males; C -reactive protein (CRP) <10 mg/liter; serum amyloid A (SAA) <10 mg/ml. ND ■ not done.- 



questioned concerning possible adverse events before each 
infusion and at weeks 3, 2, 3. 4, 6, and 8 of the trial. A 
complete physical examination was performed at screening 
and at week 8. In addition, patients were monitored by 
standard laboratory tests including a complete blood cell 
count, and levels of C3 and C4* components of complement, 
IgG, lgM, and IgA-, serum electrolytes, creatinine, urea, 
alkaiine phosphatase, aspartate transaminase,. and total bil- 
irubin. 

Sample times for these tests were between 0800 and 
0900 hours (prcinfusion) and 1200-1400 hours (24 hours 
postinfusion). Blood tests subsequent to day 1 were per- . 
formed in the morning, usually between 0700 and 2 200 
hours. Urine analysis and culture were also performed at 
each assessment point. 

Response assessment. The patients were assessed- - 
for response to cA2 at weeks 1,2,3,4,6, and 8 of the trial. 
The assessments were al! made between 0700 and 1300 hours 
by the same observer (AL-F). The following clinical assess- 
ments were made: duration of morning stiffness (minutes), 
pain score (0-10 cm on a visual analog scale), Ritchie 
Articular Index (maximum score 69) (32); number of swollen 
joints (28 joint count) (validation described in ref. 33), grip 
strength (0-300 mm Hg, mean of 3 measurements per hand, 
by sphygmomanometer cuff), and an assessment of function 
(the Stanford Health Assessment Questionnaire [HAQ], 
modified for British patients [34]). In addition, the patients' 
global assessments of response were recorded using a 
5-point scale (worse, no response, fair response, good re- 
sponse, excellent response). 

Routine laboratory indicators of disease activity in- 
cluded complete blood cell counts, C-reactive protein (CRP)- 
levels (by rate nephelometry), and the erythrocyte sedimen- 
tation rate (ESR; Westergren). Followup assessments were 
made at monthly intervals after the conclusion of the formal 
trial period, in order to assess the duration of response. 



Analysis of improvement in individual patients was 
made using two separate indices. First, an IDA was calcu- 
lated for each time point according to the method of Mailya 
and Mace (30), with input variables of morning stiffness, pain 
score, Ritchie Articular Index, grip strength, ESR, and Hgb. 
The second index calculated was that of Paulus et al (35), 
which uses Input variables of morning stiffness, ESR, joint 
pain/tenderness, joint swelling, and patient's and physician's 
global assessments of disease severity. 

To calculate the presence (or otherwise) of a re- 
sponse according to this index, two approximations were 
made to accommodate our data. The swollen joint count 
used by us (nongraded total of swollen joints of 28 joints 
assessed), which has been validated (33), was used in place 
of the more extensive graded count described by Paulus et 
a!, and the patient's and physician's global assessments of 
response recorded by us were approximated to the global 
assessments of disease activity used by Paulus et al (35). in 
addition to determining response according to these pub- 
lished indices, we selected 6 disease activity assessments of 
interest (morning stiffness, pain score, Ritchie Articular 
Index, swollen joint count, ESR. and CRP) and calculated 
their mean percentage improvement. We have used this 
value to give an indication of the degree of improvement 
seen in responding patients. 

: Immunologic investigations. Rheumatoid factors 
were measured using the rheumatoid arthritis particle agglu- 
tination assay (RAPA) (FujiBerio Trie, Tokyo,' Japan), in 
which titers of 1:160 or greater were considered significant. 
Rheumatoid factor isotypes were measured by enzyme- 
linked immunosorbent assay (ELISA) (Cambridge Life Sci- 
ences, Ely, UK). Addition of cA2, at concentrations of up to 
200 /xg/ml, to these assay systems did not alter the assay 
results (data not shown). 

Antinuclear antibodies were detected by immunoflu- 
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orescence on HEp-2 cells (Biodiagnostics, Upton, UK), and 
antibodies to exLractable nuclear antigens were measured by 
counterimmunoelectrophoresis with polyantigen extract 
(Biodiagnostics). Sera positive by immunofluorescence were 
also screened for antibodies to DNA by the Farr assay 
(Kodak Diagnostics, Amersham, UK). Anticardiolipin anti- 
bodies were measured by ELISA (Shield Diagnostics. 
Dundee, Scotland). Serum amyloid A (SAA) was measured 
by sandwich ELISA (Biosource International, Camarilla, 
•CA). Antiglobulin responses to the infused chimeric anti- 
body were measured by an in-house ELISA, using cA2 as a 
capture reagent. 

Cytokine assays. Bioactive TNF was measured in 
sera using the WEHI 164 clone 13 cytotoxicity assay (36). 
Total IL-6 was measured in sera using a commercial immu- 
noassay (Medgenix Diagnostics, Brussels, Belgium) and 
using a sandwich ELISA developed in-house, with mono- 
clonal antibodies provided by Dr. F. di Padova (Basel, 
Switzerland). Microliter plates were coated with monoclonal 
antibody LNI 314-14 at a concentration of 3 /ug/ml for 18 
hours at 4°C, and blocked with 3% bovine serum albumin in 
QAM phosphate buffered saline, pH 7.2. Undiluted sera or 
standards (recombinant HuIL-6, 0-8.1 ^g/ml) were added to 
the wells in duplicate and incubated for 18 hours at 4°C. 
Bound IL-6 was detected by incubation with monoclonal 
antibody LNI 110-14 for 90 minutes at 37°C, followed by 
bioiin-labeled goat anti-murine IgG2b for 90 minutes ai 37°C 
(Southern Biotechnology, Birmingham, AL). The assay was 
developed using streptavidin-aikaline phosphatase (South- 
ern Biotechnology) and p-nitrophenyl phosphate as a sub- 
strate, and the optical density read at 405 nm. 

Statistical analysis. Data for week-0 versus subse- 
quent time points were compared for each assessment using 
the Mann-Whitney test. For comparison of rheumatoid 
factor titers (by RAP A), the data were expressed as dilutions 
before applying the test-. . . 

This was an exploratory study, in which prejudg- 
ments about the optimal times for assessment were not 
possible. Although it has not been common practice to adjust 
for multiple statistical comparisons in such studies (4-10). a 
conservative statistical approach would require adjustment 
of P values to take into account analysis at several.time 
points. The P values have therefore been presented in two 
forms: unadjusted, and after making allowance for analysis 
at multiple time points by use of the Bonferroni adjustment. . 
Where P values remained <0.001 after adjustment, a single 
value only is given. A P value of <0.Q5 is considered 
significant. 

RESULTS 

Safety of cA2. The administration of cA2was 
exceptionally well tolerated, with no headache, fever, 
hemodynamic disturbance, allergy," or other acute 
manifestation. No serious adverse events were re- 
corded during the 8-week trial. Two minor infective 
episodes were recorded, each "possibly related" to 
cA2: patient 15 presented at week 2 with clinical 
features of bronchitis. Sputum culture grew only nor- 



mal commensals. She had a history of smoking and of 
a similar illness 3' years previously. The illness re- 
sponded promptly to treatment with amoxicillin, bul 
her second cA2 infusion was withheld and the drj. a for. 
this patient are therefore not analysed beyond week 2. 
Patient 18 showed significant bacteriuria on routine 
culture at week 6 (>10 5 /ml; lactose-fermenting con- 
form), but was asymptomatic. This condition also 
responded promptly to amoxicillin. 

Routine analysis of blood samples showed no 
consistent adverse changes in hematologic parame- 
ters, renal function, liver function, or levels of C3, C4,. 
or immunoglobulins during the 8 weeks of the trial. 
Four, minor, isolated, and potentially adverse labora- 
tory disturbances were ; recorded. Patient 2 experi- 
enced a transient rise in blood urea levels, from 5.7 
fnmoies/liter to 9.2 mmoles/liter (normal 2.5-7), with' 
no change in serum creatinine. This change was asso- 
ciated with the temporary use of a diuretic, which had 
been prescribed for a non-rheumatologic disorder. The 
value normalized within I week and was classified as 
"probably not related" to cA2. 

Patient 6 experienced a transient fall in the 
peripheral blood lymphocyte count, from L6 * 10/ 
liter to 0.8 x I0 9 /Iiter (normal 1.0-4.8). This abnormal- 
ity was not seen at the next sample point (2 weeks 
later), was not associated with any clinical manifesta- 
tions, and was classified as "possibly related" to cA2. 
Patients 10 and 18 developed elevated titers of anti- 
DN A antibodies at weeks 6 and 8 of the trial. Elevated 
anticardiolipin antibodies were also detected in patient 
10. Both patients had a preexisting positive antinuclear 
antibody titer, and patient 10 had a history of border- 
line lymphocytopenia and high serum IgM. There were 
no clinical features of systemic lupus erythematosus, 
and the laboratory changes were judged "probably 
related" to cA2. 

Efficacy of cA2, The pattern of response for 
each of the clinical assessments bf disease activity and 
the derived IDA are shown in Table 2. All clinical 
assessments showed improvement following treatment 
with cA2, with maximal responses from week 3. 
Duration of morning stiffness decreased from a median 
of 180 minutes at study entry (week 0) to 5 minutes at 
week 6 (P < 0.001 by Mann-Whitney test, adjusted), 
representing a 97% improvement. The pain score 
decreased from 7.1 to 1.9 over the same period (/> < 
0.001, adjusted), representing an improvement of 73%. 
Similarly, the Ritchie Articular Index improved from 
28 to 6 at week 6 (P < 0.001 , adjusted; 79% improve- 
ment), and the swollen joint count decreased from 18 
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Figure 1. Swollen joint counts (maximum 28), as recorded by a 
single observer, in 20 patients with rheumatoid arthritis treated wiih 
cA2. The screening time point was within 4 weeks of entry to the 
study (week 0); data from patient 15 were not included after week 2 
(dropout). Significance of the changes, relative to week 0, were 
determined by Mann-Whitney test (adjusted): P > 0.05 at week J . P 
< 0.02 at week 2. P < 0.002 at weeks 3 and' .4. and P < 0.001 ai 
weeks 6 and 8. Bars show median values. 



to 5 (P < 0.OOI, adjusted; 72% improvement). The 
individual swollen joint counts for all time points are 
shown in Figure I. 

Grip strength also improved; the median grip 
strength rose from 77 mm Hg (left) and 92 mm Hg 
(right) at week 0 to 119 (left) and 153 (right) at week '6 
(P < 0.04 and P < 0.05, left and right hands, respec- 
tively; p > 0.05 both hands, adjusted for multiple 
comparisons). The IDA has a range of 1 (normal) to 4 
(severe disease activity). The IDA showed a decrease 
from a median of 3 at study entry to 1 .7 at week 6 (P 
< 0.001, adjusted). -Patients were asked to grade their 
responses to cA2 using a 5-poini scale. No patient 
.recorded a response of "worse" or tk no change 11 at 
any point in the trial, ,, rair, ,, kk good, ,v and "excel- 
lent" 1 responses were classified as improvements of 1, 
2, and 3 grades, respectively. At week 6, there was a 
median of 2 grades of improvement (Table 2). 

We also measured changes in the patients' 
functional capacity, using the HAQ, as modified for 
British patients (range 0-3). The median .(range) HAQ 
score improved from 2 (0.9-3) at study entry to 1.1 
(0-2.6) by week 6 (P < 0.001 and P < 0.002 adjusted). 

The changes in the laboratory values which 
reflect disease activity are shown in Table 3. The most 
rapid and impressive changes were seen in serum CRP 
levels, which fell from a median of 39.5 mg/litcr at 
week 0 (normal < 10) to 8 mg/liter by week 6 of the trial 
(P < 0.001, adjusted), representing an improvement of 



80%. Of the 19 patients with elevated CRP at study 
entry, 17 showed decreases to the nbrmal range at 
some point during the trial. The improvement in CRP 
was maintained in most patients over the assessment 
period (Table 3 and Figure 2); the exceptions with high 
values at 4 and 6 weeks tended to be those with the 
highest starling values (data not shown). 

The ESR also showed improvement, with a fall 
from 55 mm/hour at study entry (normal <!0in males 
and < 15 in females) to 23 mm/hour at week 6 (P < 0.03 
and P > 0.05 adjusted; 58% improvement). SAA levels 
were elevated in all patients at trial entry, and fell from 
a median of 245 mg/ml (normal <I0) to 58 mg/ml at 
week 1 (P < 0.003 adjusted"; 76% improvement) and to 
80 mg/ml at week 2 (P < 0.04, adjusted). No significant 
changes were seen in Hgb level, WBC count, or 
platelet count at week 6, although the platelet count 
did improve at weeks 2 and 3 compared with trial enirv 
(Table 3). 

The response data were also analyzed for each 
patient individually (not shown). The majority of p<i- 
-tients had their best overall responses at week 6. at 
which lime 13 assessed their responses as "good" 
while 6 assessed their responses as "fair." EighLeen of 
the 19 patients who completed (he treatment schedule 
achieved an improvement in the IDA of 0.5 or greater 
at week 6, and 10 achieved an improvement of 1.0 or 
greater. All patients achieved a response at' week 6 
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Figure I. Serum C-reactive protein (CRP) levels (normal 0-I0 
mg/liter). as measured by nepheiometry. in 20 patients with rheu- 
matoid arthritis- treated wiih cA2. The screening time point was 
within 4 weeks of entry to the study (week 0); data from paiienr 15 
were not included after week 2 (dropout). Significance of the 
changes, relative to week 0. were determined by Mann-Whitney test 
(adjusted): P < 0.00! at week U P < 0.003 at week 2, P < 0.002 at 
week 3, P < 0.02 at week 4, and P < O.OOi at weeks 6 and 8. Bars 
show median values. 
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according to the index described by Pauius et al (35). 
At week 6, all patients showed a mean improvement of 
30% or greater in the 6 selected measures "of disease 
activity (see Patients and Methods), with 18 of the 19 
patients showing a mean improvement , of 50% or 
greater (data not shown). 

Although the study was primarily designed to 
assess the short-term effects of cA2 treatment, fol- 
lowup clinical and laboratory data are available for 
those patients followed for sufficient time (n = 12). 
The duration of response in these patients, defined as 
the duration of a 30% (or greater) mean improvement 
in the 6 selected disease activity measures, was vari- 
able, ranging from 8 weeks to 25 weeks (median 14) 
(data not shown). 

Comparison of the clinical and laboratory data 
for patients treated with 2 infusions of cA2 (each at 10 
mg/kg) versus" those treated with 4 infusions (each at 5 
mg/kg) showed no significant differences in the rapid- 
ity or extent of response (data not shown). 

Immunologic investigations and cytokines. Mea- 
surement of rheumatoid factor by RAPA showed 14 
patients with significant titers (^1:160) at trial entry. 
Of these, 6 patients showed a decrease of at least 2 
titers on treatment with cA2, while the remaining 
patients showed a change of 1 titer or less. No patient 
showed a significant increase in rheumatoid factor titer 
during the trial (data not shown). The median titer in 
the 1 ] patients decreased from 1 :2,560 at entry to 1 :480 
by week 8 {P > 0.05) (Table 3). Specific rheumatoid 
factor isotypes were measured by-ELISA, and showed 
decreases in the 6 patients whose RAPA had declined 
significantly, as well as in some other patients (data 
not shown). Median values for the 3 isotypes in the 14 
patients seropositive at trial entry were Ii9, 102, and 
62 lU/ml (IgM, IgG, and IgA isotypes, respectively), 
and at week 8 were 81, 64, and 46 IV /ml (P > 0.05). 

- We tested sera from patients 1-9 for the'pres- 
ence of bioactive TfcIF, using the- WEHI 164 clone 13 
cytotoxicity assay (36). In 8 patients, serum samples 
•spanning the entire trial period were tested, while for 
patient 9,. only 3 samples (I pretrial, I intermediate, 
and the last available sample) were tested. The levels 
of bioactive TNF were below the limit of sensitivity of 
the assay in the presence of human serum (1 pg/ml) 
(data not shown). 

Since production of CRP and SAA are thought 
to be regulated in large part by 1L-6, we also measured 
serum levels of this cytokine, using 2 different assays 
which measure total IL-6. In the Medgenix assay, IL-6 
was significantly elevated in 17 of the 20 patients at 
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study entry. In this group, levels fell from 60 pg/ml 
(range 18-500) to 40 pg/ml (range Q-230) at week 1 {P 
> 0.05) and to 32 pg/ml (range 0-210) at week 2 (P < 
0.005 and P < 0.01, adjusted). These results were 
supported by measurement of serum IL-6 in the first 16 
patients in a separate ELISA developed iri-house. IL-6 
was detectable in 11 of these samples, with median 
(range) levels falling from 210 pg/ml (25-900) at entry 
to 32 pg/ml (0-1 ,700) at week 1 [P < 0.02 and P < 0.04, 
adjusted) and to 44 pg/ml (0-240) at week 2 (P < 0.02 
and P < 0.03, adjusted). • • 

We tested sera from patients 1-10 for the pres- 
' ence of antiglobulin responses to the infused chimeric 
antibody, but none were detected (data not shown), in 
many patients, however, cA2 was still detectable in 
serum samples taken at week 8 (data not shown) and 
this may have interfered with the ELISA. 

DISCUSSION 

This is the first report describing the adminis- 
tration of anii-TNFo: antibodies for treatment of hu- 
man autoimmune disease. Many cytokines are pro- 
duced in rheumatoid synovium, but we chose lo 
specifically target TNFo- because of mounting evi- 
dence that it was a major molecular regulator in RA 
(21,22.26-28). The study results presented here sup- 
port that view and allow 3 important conclusions to be 
drawn. 

First, treatment with cA2 was safe and the 
infusion procedure was well tolerated. Although fever, 
headache, chills, and hemodynamic disturbance have 
all been reported following treatment' with anti-CD4 or 
anti-CDw52 in RA (6,10). such features were absent in 
our patients. Also notable was the absence of any 
allergic event despite repeated treatment with the 
chimeric antibody, although the interval between ini- 
tial and repeat infusions, may have been too short to 
allow maximal expression of any antiglobulin re- 
sponse. The continuing presence of circulating cA2 at 
the conclusion of the trial may have precluded detec- 
tion of antiglobulin responses, but also indicated that 
any such responses were likely to be of low titer and/or. 
affinity. Although we recorded 2 episodes of infection, 
among the study group, these were minor and the 
clinical courses were unremarkable. TNFa has been 
implicated in the control of Lisieria and other infec- 
tions in mice (37), but our limited experience does noi 
suggest an increased risk of infection after TNFa 
blockade in humans. 

The second conclusion concerns the clinical 
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eScacy of cA2. The patients we treated had longstand- 
ing, erosive, and for the nvost part, seropositive dis- 
ease, and therapy with several standard DMARDs had 
failed. Despite this, the major clinical assessments of 
disease activity and outcome (morning stiffness, pain 
score, Ritchie articular index, swollen joint count, and 
HAQ score) showed statistically significant improve- 
ment, even after adjustment for multiple comparisons. 
All patients graded their response as at least "fair , M 
with the majority grading it as "good." In addition, all 
achieved a response according to the criteria of Pauius 
■el aJ and showed a mean improvement of at least 30% 
in 6 selected disease activity measures. The design of 
the trial does not allow these results to be attributed to 
the action of cA2 alone. However, the extent of the 
clinical improvements, their consistency throughout' 
the study group, and the parallel changes in laboratory 
indices of disease activity (see below) are encouraging. 

The improvements in clinical assessments fol- 
lowing treatment with cA2 appear to be at least as 
good as those reported following treatment of similar 
patients with antiieukocyte antibodies (6,10), although 
firm conclusions concerning each of these agents will 
require controlled, blinded studies. The two therapeu- 
tic approaches may already be distinguished, how- 
ever, by their effects on the acute-phase response, 
since in several studies of antiieukocyte antibodies, no. 
consistent improvements in CRP or ESR were seen 
(4-6,8,10). In contrast, treatment with cA2 resulted tn 
significant decreases in serum CRP and SAA values, 
with normalization of values, in many patients. The 
changes were rapid and marked, and in. the case of 
CRP, sustained for the duration of the study (Table 3). 
The decreases in ESR were less marked, achieving 
statistical significance only when unadjusted for the 
number of comparisons (Table 3). 

These results are consistent with current con- 
cepts that implicate TNFa in the regulation of hepatic 
acute-phase protein synthesis, either directly, or by 
control of other, secondary, cytokines such as IL-6 
(38,39): To investigate the mechanism of control of the 
acute-phase response in our patients, we measured 
serum TNFo and IL-6 before and after cA2 treatment. 
Bioactive TNFo was not detectable in sera obtained at 
baseline or subsequently. In view of previous reports 
of variability between different immunoassays in the 
measurement of cytokines in. biologic fluids (40), we 
used 2 different assays for IL-6, and both demon- 
strated significant decreases in serum IL-6 levels by 
week 2. These findings support the other objective 
laboratory changes induced by cA2, and provide in 



vivo evidence that TNFa may be a regulatory cytokine 
for IL-6 in this disease. Among, the other laboratory 
tests performed, levels of rheumatoid factors fell sig- 
nificantly in 6 patients. 

The mechanism of action of cA2 leading to the 
clinical responses outlined above was not established 
in this study. Neutralization of TNFa may have a 
number of beneficial consequences, including a reduc- 
tion in the local release of cytokines such as IL-6 and 
other inflammatory mediators, and modulation of 
synovial endothelial/leukocyte interactions. cA2 may 
also bind directly to synovial inflammatory cells- ex- 
pressing-membrane TNFa, with subsequent in situ cell 
lysis. Further studies should establish which actions of 
cA2 may be clinically important. 

The results obtained in "this small series have 
important implications, both scientifically and clini- 
cally. At the scientific level, the ability of the neutral- 
izing antibody, cA2, to reduce acute-phase protein 
synthesis, reduce the production of other cytokines 
such as IL-6, and significantly improve the clinical 
state demonstrates that it is possible to interfere with 
the cytokine network in a useful manner -without 
untoward effects. Due to the many functions and 
overlapping effects of cytokines such as IL-1 and 
TNFa, and the fact'that cytokines induce the produc- 
tion of other cytokines' and of themselves, there had 
been some pessimism as to whether targeting a single 
cytokine in vivo would have any beneficial effect 
(41,42). This view is clearly refuted. On the clinical 
side the results of short-term treatment with cA2 are 
encouraging, and suggest that TNFa may.be a useful 
new therapeutic target in RA. 
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